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@ image Display Apparatus. 

jg) ,An :in)age^.^^^ reduces tiie pos- 

sibQi^ of occunrenoe of mincM* discomforts such 
as headaches, eyestrain, fatigue and the like In 

. users. A symbol Indteating dtetanoe such as 1m» 

r : 3m, or 00 Is dteplayed on an outer periphery of a 
virtual image adjusting knob. When the user 
aTigns a mark on the virtual image position 
adjusting knob with a position corresponding to 
one of the predetennined symbols, tiie virtual 
image is set so as to be displayed at a position 
corresponding to the symbd. Consequentiy, 
. the user can mors easDy recognize the dis- 
played position of the virtual image so that the 
generation of a minor discomfort due to long 
term use which Is more than necessary of the 
nnage display apparatus is substantially re- 

duped. 
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This inv ntion relates to imag display appara- 

aoef f rh""""'' ""''"^ ^'^'"'^ ^'rt"^ reality in. 
ag^ are b coming increasingly popular. Typi^^ 
such d vices enable a us r to view a «S 

Thisprovidesarealistic effect Which enhani 
ment of playing the game ' ^ 

f^' ^^P'^y apparatus is worn on a 
user's head and positioned in front of the use^s elc 
so as to enable viewing by the user. l^oweveJ^'i' 
users may develop headaches, eyestrain S^a^l^ 
o«,^ minor discomforts if the dis^y Tpp^ 
lisedforarelativelylongpenodoftime "^"^^'"^ 

AcoDTding to the invention there is provided an 
n^ge disp ay apparat„3 comprising imag^d^ 
ing means for displaying an Image, optical mZ 2r 

Played through said image dispJayino meansldh^T 
.ng "•eans for adjusting a posLn'SSulC 

position of said virtual image f'^ymga 
bed hfrltJS of the invention desert- 

uwias^eadaches. eyestrain and fhelifeJ^C 

way3m^" ^ ^"rth^^ described; 

waypfBlustratweandnon^imltingexamDle wWiW 

Snl o?«„ ^ *^ « P-^*™* «nbo^ ' 

tiTerr^^^'''^^^'''-^^ 

f "LP^I^^ vfew representing a de- 
, teileds^ofaneyegla^displayap^.^,^ 
Z'l^^ « •heory of operation for SS . 
«;ed«pJ^sitfc.nofa>^^ 

Sf ii^S'2"*''°^*^°P«™«°"fe'«*anging 
the deplayed position of the virtual image Jv 
movement of aspherical lenses; ^ ^ 

Rgs.5(a)and(b)depictthe relationship between 

F'g- 6 Is a perspective view represenUnfl an ex 

ampfoofaparty structure for'chang7,he"dt 
Played position of a virtual image; 
ng- 7 is a perspective view representlna an ex 

ampteofapartlal structure for'changT^th^dt 
gayed position of a virtualimage; 

2tf?\'^*"'^**'^'*'*'^P'«'"'"9th operation 
of the aspherical tens wh n an eytwiduiaS^ 
•ng knob explained in th descripCJf 4%"t 
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operated; 

tion adjusting Icnob is operated- 

FJ. 16 Is a flowchartfbr explaining a still further 
alternative embodimentfor the piieilZf 

MiJgSr"*^**"^'-"^^^^^^ 

justing knob IS operated; and 
rS;wII '^ ^ ??""=^^^***«P'«'""'9 an additional 

"obtop^^^^^^ 

■ '"'•'^•"P^ri^fch^intltf^^ 

games Is previously stored " 

RA«I"!;Sf!**r*'"'«"»^S2 is constructed as 
•^. predetermined data is read from cnTnu 

^rSm1k'^"^^2> constructed as ROM 
to eS "^f « »yP» of cart which Is configured 
to enable replacement with an alternate card 
The reading block 54 Includes a memory unit s.; 

ml JIL f!,*'"P'^y "PP^™*"^ frther includes a 
Ste":<.'^^l~"^'"3 ^-nd such as a ut- 

the/VDconverterTfero ""put spe ch data from 
apredetertnCX^r^SotS '^l^""* 

a-outputthespe«S!srr5r,::,rmr 
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ory unit 55 via a data bus 5 with the speech data. 

A second acoustic generating unit 64 carries out 
a predetermined effect on the speech data supplied 
from the memory unit 55 which is then outputted. A 
first synthesize circuit 65 synthesizes speaker and s 

ar phon speech data outputted from the first acous- 
tic generating unit 63 and the second acoustic gener- 
ating unit 64, respectively. The first synthesize circuit 
65 then outputs the synthesized data to a D/A conver- 
ter 66. The D/A converter 66 converts the input data io 
thereto into an analog signal. The speech data fw the 
speaker supplied from the first acoustic generating 
unit 63 is supplied to a speaker 67. The speech data 
for the ear phone supplied from the second acoustic 
generating unit 64 Is supplied to the ear phone 31 . is 

The speech data supplied from the speaker 67 
and ear phone 31 may be different from one another. 
For example, in the ear phone 31 , the speech can only 
be output from the memory unit 55. The speech from 
the memory unit 55 and those Input from the micro- 20 
phone 61 can be output 

In additk>n. the image display apparatus includes 
a first Image generating unit 71 which serves to re- 
ceive image data to be displayed on a monitor 75 from 
among the image data stored in the memory 52 via 25 
data bus 5. The first Image generating unit 71 also re- 
ceives position <iata output from a position sensor 87 
which is included In an eyeglass display 86. The pos- 
ition sensor 87 outputs data relating to the poslttoh in 
a predetermined space such as a room. Byway of ex- so 
ample, the posittona! data generated by the position 
• sensor 87 includes data indtoating whether the head - 
is feeing leftward or rightward (dlrectton coincident 
with horizontal direction), data indicating whether the 
head is tilted upward <»* downward (directfon odnd- 35 
dent with the vertical direction) and so forth. 

The first Image generating unit 71 selects and 
corrects the Image data supplied from the control unit 
51 corresponding to the output data of the position 
sensor 87. A first CG (computer-graphic) buffer 72 40 
temporarily stores the image data supplied from the 
first image generating unit 71 and outputs them to a 
first RGB-NTSC converter 73. The first converter 73 
converts the image data including the RGB data into 
the vkleo signal In NTSC form and outputs the vWeo 45 
^signal to^a second synthesize circuit 74. 

A message generating unit 76^eneratiE»s ¥fnes- 
sage (characters) corresponding to a message code 
supplied via the data bus 5 and read from the memory 
of the control unitSI and supplies itto the second syn- so 
thesize circuit 74. The second synthesize circuit 74 
synthesizes the Iniage signal supplied from the first 
converter 73 andimage signal supplied from the mes- 
sage generating unit 76. The synthesized output is 
then supplied to a nranitor 75. 55 

A second image generating tinit 81 receives inv- 
age data for a left eye from the data selected by a key 
unit 53 and from the data whteh is stored from the 



control unit 51 to the memory 52. In addition, the sec- 
ond image generating unit 81 receives the position 
data detected by the position sensor 87. The second 
image generating unit 81 selects and corrects the 
data supplied from the control unit 51 corresponding 
toth det ct d data from th position sensor 87. The 
conrectton data is supplied to the second RGB-NTSC 
converter 83 via the second CG buffer 82. The sec- 
ond converter 83 converts the RGB data to the image 
data In the NTSC fomiat and supplies the converted 
image data to a third synthesize circuit 84. 

In the same manner as the second image gener- 
ating unit 81. second CG buffer 82, and the second 
converter 83 which process the image for the left eye, 
a third image generating unit 91, third CG buffer 92, 
and third RGB-NTSC converter 93 for a right eye are 
utilized. The output signal of the third converter 93 is 
supplied to the third synthesize circuit 84 so as to be 
synthesized with the data from the second converter 
83. The image data output from the third synthesize 
c toiit 84 is f urthemrx»e supplied to the fourth synthe- 
size circuit 85 and synthesized with the image signal 
of the message output from the message generating 
unit 76 and is supplied to the eye glass display 86. 

Rg. 2 is a view of the eyeglass display 86 posi- 
tioned on the head of a user. The eyeglass display 86 
Includes a main body 1 having a ring 2. The ring 2 is 
adapted for encircling a portion of the user's head to 
enable the main body 1 and ring 2 to be removeably 
mounted bhtd the user's head. The eyeglass display 
86 is positioned such that the main body 1 is located 
toward a front portion of the User's head in front of the 
user's eyes and the ring 2 is turned toward a rear por- 
tion of the user's head. The eyeglass display 86 fur- 
ther includes a pad 3 which is affixed on an Inner por- 
tion of the mairi body 1. The i^d 3 serves to press 
against the user's forehead to provide support Con- 
sequently, as if a human kind wore a pair of glass s, 
the user can nrK>unt the pair of glasses type display 86 
on ears. . 

A back light 11 is disposed on the main body 1. 
The back light serves to illuminate left and right LCDs 
1 2. The left LCD 1 2 serves to display the image signal 
for the left eye and the dght LCD 12 serves to display 
the image signal for the right eye. The images dis- 
played on the left and right LCDs 12 are then reflected 
by left and right mirrors 13, respectively 

A half mirror 15 is then used to reflect the reflect- 
ed images from the left and right mirrors 13 on the 
eyes of the user, in particular, the Image displayed on 
the left LCD 12 becomes incident on the user's left 
eye and the image displayed on the right eye LCD 12 
becomes Incident oh the user's right eye. 

Left and right asphericai lenses 14 are interposed 
between the left and right mirrors 1 3 and th half mir- 
ror 15 so that th images displayed n the left eye's 
LCD 12 and right eye's LCD 12 are expanded and fo- 
cused on the user's eyes for displaying virtual Inrv 
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ages. 

A smok d glass lement 16 is pivotally mount d 
n a front surface of the half mirror 15. The smoked 
glass element 16 may be pivoted to ah open position 
wherein th smoked glass element 18 extends out- s 
wardly from the main body 1, Alternatively, the 
smoked glass element 16 may be pwoted to a closed 
position, wherein the glass element 16 extends down- 
ward. As shown in Fig. 2. with the smoked glass ele- 
ment 16 in the open position, the user can view the io 
external field as necessary via the pair of the half mir- 
ror 15. The user can automatically select a view of the 
images of the LCDs 12 reflected by means of the half 
mirrors 15 or a view of the external field, depending 
on which view the user focuses on. ff the user does is 
not desire to view the external field, the image of the 
LCDs 12 can be more dearly viewed by pivoting the 
smoked glass element 16 into the dosed position so 
r that light from the external field Inddent on the half 
^ mirror 1 5 Is substantially reduced. 20 

An eye width adjusting knob 1 7 Is disposed on the 
right skie surface of the main body 1 relathve to the 
user. The eye width adjusting knob 17 enables the 
user to adjust a distance in the horizontal direction be- 
tween the left and right aspherical lenses 14 so that 
the distance between the left and right lenses 14 cor- 
responds with ttie distance between the user's eyes. 

rJn addition, a virtual irnage/posftion adjusting 
knob 18 Is disposed on an upper center surface of the 
main body 1. Rotation of theinrtual inriage position ad- 
justing knob 18 changes the distance between the 
LCDs 12 and^aspherical lenses f14.in an optlcal:ax^ 
directk3n. As such, the pos^n of virtual inrtage pan be 
adjusted (diopter adju^menQ. TImt is to say. if the 
user adjusts the virtual image pqsitton adjusting knob 
1 8. the user's eye can recognize the image displayed 
on the LCDs 12 as a virtual image at selected dtetanc- ^^ 
es from the user as desired. By way of example, the 
user's eye can recognize the image displayed on the 
LCDs 12 as a virtual image S meters away from the 4o 
1 user or can recognize the Image as a virtual image 1 . 
; meter away from user. This distance can be adjusted 
, by turning the virtual image positton adjusting knob 
18. 

A D/A converter 10 is fristalled between the left 45 
and right mirrors 13. The 0/A converter 10 outputs 
powerfor driving the backlight 11. The powerto drive 
the back light 11 is relatively high so that it becomes 
disadvantage from a standpoint of dielectric voltage 
breakdown if the D/A converter 10 is Installed away 50 
from the back light 11. Hence, in the embodiment, as 
shown in Fig. 2, the D/A converter 10 is disposed be- 
tween the left and right mirrors 13 and Is adjacent to > 
the back light 11. V - , 

H adphon reels 21 are installed on left and right 65 
ski surfaces of the ring 2 so that headphone cords 
32 of the left and right ear phones 31 can appropriate-, 
ly be wound. A D/D converter 22 Is housed within th 
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right side surface of the ring 2. The D/D converter 22 
serv s to supply th required DC voltage for each part 
of the eyeglass display 86. In addition, housed in the 
leftside sur^ce of th ring 2 is an RG pc board having 
a circuit which processes the inr^ag signals, a driver 
which driv s an LCD 12. and other devices arranged 
for operating the eyeglass display 86 as will be appre- 
ciated by those of ordinary skill in the art 

A remote controller 33 is connected to a left side 
surface of the ring 2 relative to the user via remote 
controller cords 33. The user can adjust the images 
displayed on the LCDs 12 and the speech signal de- 
rived from the ear phone 31 by selecting desired func- 
tion keys on the remote controller. It is noted that the 
function keys of the remote controller 33 can con-e- 
spond to all or some of the function keys in the k y 
unit 53. 

The function of the key unit 53 will now be descri- 
bed. The user can operate a predetenhined key of the 
key unit 53 so as to select a predetermined game from 
a plurality of games. When such a selectfon as descri- 
bed above is made, the image data conresponding to 
the selection is read from the menmy 52 and are out- 
put to the first 71 . second 81 and third 91 image gen- 
erating units; ^ 

in addition, when a start key of a key unit 53 Is op- 
:: erated, the reading block 54 reads the speech data 
comesponding to the game assigned from the mem- 
ory unit 55 and Is output to the first 63 and second 64 
acoustic generating units,!;;- .v -^^^^^^^ ? 

The second acoustic generating, unit 64 carries 
^out the predetermined acoustic effectassigned to the 
key unit 53 on the input speech data. The speech data 
output from the first synthesb» drotdt 65 is converted 
r.as D/A comrereion by means of the D/A converter 66 
and is supplied to the ear phone 31. This permits the 
user to hear the sound on the assigned game via the 
earphone 31. 

in the same way, the speech data is output from 
the first acoustic generating unit 63 to the f iret syn- 
thesize dncuit 65- The speech data for the speaker 
output from the first synthesize circuit 65 is converted 
as the D/A conversion into the analog signal and, 
thereafter. Is supplied to the speaker 67 so as to pro- 
duce the acoustic sound signal. Consequently, the 
sound of the game Is output from the speaker 67 f bced 
on a predetenmlned position of the room (space) in 
which the game apparatus is disposed. A person 
other than the user of the eyeglass display 86 is able 
to hear the sound derived from the speaker 67. 

On the other hand, the second 81 and third 91 Im- 
age generating units process the Image data for the 
left eye and the right eye, respectively, supplied from 
the control unit 51 and output them to the second 83 
and third 93 convertere via the second 82 and third 92 
CG buffere.:After the Image signals converted from 
the RGB data to those in the NTSC fomiat by means 
f the second 83 and third 93 converters are synthe- 
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sized by means f the third synthesiz circuit 84, the 
image signals ar supplied to the eyeglass display 86 
via the fourth synthesize circuit 65. tn addition, at this 
tim , the image signals of the message generated by 
the message g nerating unit 76 are synthesized with 
the image signals from the third synthesize circuit 84 
as necessary and are supplied to the eyeglass dis- 
play 86. Consequently, the images and messages 
are displayed on the LCDs 12 of the eyeglass display 
86. 

At this time, the LCD 12 for the left eye displays 
the images for the left eye processed by the second 
Image generating unit 81, the second CG buffer 82, 
and the second oonverterdS. The LCD 12 for the right 
eye displays the images processed by the third image 
generating unit 91, the third CG buffer 92, and third 
converter 93. The images displayed on the LCDs 12 
illuminated on the backlight 11 are incident on the re- 
specUve left and right eyes of the user independently 
from the pair of mirrors 13, the aspherical lenses 14, 
and half minrors 15. The Images for the left eye and 
for the right eye Include components corresponding 
to a parallax. As the resdt. the user synthesizes the 
virtual image incident on both eyes in mind and rec- 
ognizes it as a solid image. 

It is noted that in a case where it is not necessary 
to make the solkl image; one of each pair of the sec^ 
ond 81 and third 91 inrage generating units, the sec- 
ond 62 and third 92 CG buffer, and the second 83 and 
third 93 converters become unnecessary. 

In this vvay, the LCDs 12 display one of the lav- 
ages of the gameis selected by the user. 

On the other hand, ttef^t Image generating unit 
71 supplies the image data for display through the 
monitor 75 f romihe monitor 75. In addition, the image 
data are supplied to the first converter 73 via the first ' 
CG buffer 72 and are converted Into the Image sig- 
nals In the NTSC format Thereafter, the second syn- 
thesize circuit 74 synthesizes the image signal of the 
message output from the message generating unit 76 
as necessary. Then, the output signal of the second 
synthesize circuit 74 is supplied to the monitor 75 and 
Is displayed thereon. 

People other than those utilizing the eyeglass 
display 86 are able to view the Images displayed on 
~ the nrK)nitor75. In additton. It is noted that the user oan 
observe the surrounding situation in addition to the 
monitor 75 via the half mirrors 15 with the smoke 
glass element 16 in the open position. 

The images displayed on the nrwnitor 75 may be 
the same as those displayed on eyeglass display 86, 
or alternatively, may be the Images may be different 
from those described above. For example, the eye- 
glass display 86 displays th images of th ganies. 
On the other hand, the monitor 75 can display the im- 
age of the user who is playing the game. In this case, 
for example, a televisbn cantera photographs the 
user and the Image signal thus obtained can be su- 



perposed on the image displayed on the monitor 75. 

On the other hand, when the user speaks at a pre- 
determined time, the speech is collected through the 
microphone 61 and the collected microphone signal is 
5 converted into the digital signal by means of the A/D 
converter 62. After the A/D conversion is canied out. 
the A/D converted digital signal is carried out by 
means of the first acoustic generating unit 63. The 
first acoustic generating unit 63 synthesizes the voice 

10 of the memory unit 55 with respect to the input vocal 
data by providing the predetermined echo effect ac- 
cording as required. Then, the sound synthesized 
data is supplied to the speaker 67 via the first synthe- 
size circuit 65 and D/A converter 66. 

15 The position sensor 87 is mounted on the eye- 
glass display 86. The position sensor 87 outputs the 
position data of the useras previously described. The 
position data is then supplied to the second 81 and 
third 91 image generating units. The second 81 and 

20 third 91 Image generating units select and correct the 
Image data supplied from the control unit 51 . Conse- 
quently, the LCDs 12 display the images correspond- 
ing to the position of the user. In particular, If the 
user's head moves upward, downward, leftward, and 

25 rightward, the displayed images are changed to those 
of the upward, downward, leftward, and rightward 
: positions, respectively. : ' ; 

Fig. 3 shows a principle of operation when th vir- 
tual image position adjusting knob 18 is rotated-to ad- 

30 just the position of the virtual image; 

As shown in Fig. 3, suppose that the LCDs 1 2 are 
positioned at a positton 12A to the left of the asphe- 
rical lenses 14. The user can view a virtual imag lA 
located at a position to the left of positton 12A since 

35 the Image displayedon the LCDs 12 Is viewed ^a the 
■ ■ aspherical lenses 14.^^ "' " '^^ 

In this state, suppose, for example, thatthe LCDs 
12 are moved to a position 12B to the left of position 
12A far away from positk>n 12A. The user conse- 

40 quently views the virtual image IB to the left of virtual 
' image lA at a position far^nray from position 12B. 
That is to say, when the user adjusts the virtual Image 
position adjusting knob 18, the position of the LCDs 
with respect to the aspherical lenses 14 is adjust d 

45 according to the adjustment of the knob so that the 
position of the virtual Image Is changed. 

^Alternatively, for:example,-as"Shown-in. Fig. 4.- 
with the LCDs 12 fixed at a predetennined position, 
the position of the aspherical lenses 14 is adjusted 

so with respect to the LCDs 1 2 so that the positton of the 
vblual image can be changed. That is to say. If the as- 
pherical lenses 14 are placed at a position 14A to the 
right f LCDs 12. the user consequently views the vir- 
tual image lA located to the left of LCDs 12. On the 

55 contrary, when the aspherical lenses 14 are moved to 
the right of position 14A to a positton 148 which Is far 
away from th LCDs 12, th user can view the virtual 
image IB located to the left of vbtual Image lA at a 
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position far away from th position 14B 
tan-?!'""'" ^ ^ relative dis- 

LCDs 12 ,s vaned. th ptisition of the virtual imaoeS 
Changed. The change in the .Ttua. ImagetS^ 
I nttoth ohangeinth magnitude of the virtual im- 
age. Consequently, what is adjusted by adjusting Z 
wrtual .mage position knob 18 can mean L mfgni 
tude Of the virtual image (magnitude of the imajl 
screen o which the virtual image coaesponds ' 

theLcis'^l^'T!;/'': ''^'v.een 
the LCDs 12 and aspherical lenses 14 is changed, the 

screen) can also be modified. However, if the position 
Of the vrrtual image Is changed, a direction^ the 
I angle) needs to be slightly 

changed. That is tosay.asshowninFig.5(a)inS 
■ adisplayed position Of thevirtualimageAL^awS^ 

22:^2 ^"^''''■^°'^2^««"««'''«t*ee^thelef 

. and^Meyes)tothevlrtuallmageA(i.ecom«,gence 
angle) b namw. However, as shown In Fig. 5 (bl h 

which Redisplayed position Of the virtual image A 
««»sdosertotheLCDs12.theconve,geno^^rgit 
Bb^mes«rtder.The«fo«.|fthedispl^dSn 

rt onjs compared with the case wherein theX 
Played pos^Uon of the virtual image A Is fer Zy Tn ' 

tt^ way. the user can observe the virtuallmage A 
l^y^n If the displayed position of the^^^^ 
. .image Is (iar.orflear.-; s ie 

_ ,^Figs. e^andT show specific tffiicture examoles 

eccentric cam plate i62 fe Installed on the virhi Inu 
age position adjusting lcm,b 18 via an aTlTtS^ 
eccentric cam plate 162 b Installed wSfn the 
gn>ove132dofasIlde plate 132. Hen^tt,eviiS 

. Plata 1 32 fe moved fon««rd or learwafd (In Fig . 6. the 

i32aand 132c fonned on the slide plate 132 

backl'hM?' ^ ^ ^ and 
back light 11 and are mounted on a rear part of the 
sitde plate 132. Therefore, since the virtual im«„! 
Posmonadjustlngknot, 18b„teted^el2S S 

f .nally m<«,ed towart the frent pos^n or Svart ^ 
l^rposition (in Fig. 6. the teftd^anl?Sor 
nght upper direction). That is to say. the LCcTl^ 

^3 "f ^20 having the minore ■ ■ 

I ZZ'^'^S^' •»14.TT,us.asshownin™|g 
ti^eTu V^T*^'-'^ IStotheasphl 

rr.^iitrnrnTs.^^'-^^-^^^^ 



On the other hand, pin portions 124c are extend 
edontheirbottomendsoftheleftandrighJc^^^^^^^ 
124, respectively. Th pin portions 124c are in 
erted into recessed portions 163c of the^'J:; 
^« -^Pective recessed portions ie3c of^ 
camarmieSanBng donitsi ft and right sid2 are 
arranged such as an inverse U shape as vie^^Z 
a^ve^C^seauently. as the left an'd rightSh^ 
ers 124 are moved such as to be nearer fn fh^ . 
" -;"^y121.the,eftandrightprnpr^^^^^^^^^ 
guided so as to be moved in the inner direcfon 1 
tuany nearer direction). As the result, the left and 
LCD hoIders124 (hence, the LCDs12\^ichare;^^ 
thereon) are guided by means of a sTaft 136 «„h 

ttiSr°''^^'^''"^-^^'°"^2^--^'-ertedS 
i.^f^V^^'*""^'^' " ^rtual image positfon ad- 

^ '^•^''^I'nadirectionsuchthattheLCDhdde^Izi 

are separated frem the unit main body 121 S S 
and ^ht LCD holder 124 (left and right^Lci 

""^^ •» the relative di 

eye^dth adjustment knob 17 b aSl 

B coupled to a cylindrical cam 141. TTie cylindrical 

Pherical Ienses y4 by means of a stop ring 14? !^ 
^.^ : '^P^clite cylindrical cam 147b^t: 
- «Jhacamgmovedhole,i41a. Acampin 144^ 
..: : :?^^1^^43a Of a red "43 isl^ 
SShJTfir^ ""'^ 141a AbasicendpciSn 
Se^n:^4"^^.^'^""^«''*°^^ 

^eiS^STdSj^diS^'^'''^ 
wise dim JlT^^!? *® 

grauy SO that the cam pin 144 extended on the head 
SJ^ved hcle141aofthe cylindrical cam 141 ThT 

d«c«o„ conespondingly to a retetional direcaTS ' 
tt<e eye-width adjusting knob 17 as shown in^ e 

wnteh the rod b linked is moved toward the left f!id« 

Sdl'T''''"'''"^ ^21b and Set 

ing guided by means of the shaft 105 

•^'S^e^*?!?!!? *^-^^ ^« to Inner 

'espective elongated grooved holes 154a. Then, a 
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center of the pivotal lever 151 is pivotaily supported 
on a fulcrum axle 152. Cons quently, when the right 
side aspherical lens 14 is moved in the leftward direc- 
tion as viewed from Fig. 8, arm 154 is moved accord- 
ingly toward the leftward direction. At this time, since 
the pin 153 inserted into the elongated grooved hole 
154a of the arm 154 is pressed toward the leftward 
direction in Fig. 8, the pivotal lever 151 is pivoted in 
the clockwise direction with the fulcrum axle 152 as 
a fulcrum. 

As the result, one of the pins 153 which Is attach- 
ed onto an opposite side to the ph^otal lever 151 is ro- 
tated in the clockwise direction with the fulcrum axle 
152 as a center so that the arm 154 having the elon- 
gated grooved hole 154a is moved In the rightward di- 
rection. Hence, the aspherical lens 14 at the right side 
is gukled by means of a shaft 105 via the holding por- 
tions 121b and 121c and is moved in the right direo- 
tion. That Is to say, the left and right aspherical lens 
14 are moved so as to become nearer to each other. 

When the eye-width adjusting knob 17 is rotated 
in the opposite direction and the rod 143 is moved in 
the rightward direction, the left and right aspherical 
lens 14 are moved in mutually se^^rate directions. 
' As described above, when one of main bodies of 
the unit 121 housing the aspherical lens 14 are moved 
toward directions mutually doser to or mutually away 
from the other of the unit main bodies thereof, the pin 
portions 121d fbmned on the left and right unit main 
bodies are accordingly moved mutually doser togeth- 
er or mutually away from each other as well. 

: ^ When the left and right pin portions 121d are 
moved In directions mutually approaching to each 
other, one of the left and right cam arms 163 through 
which ;th6 pin portions 121d are inserted are also 
moved In the mutually approached dirsctton to the 
other. The left and right cam pin portions 163b re- 
spectively attached onto the left and right cam pins 
1 63b are moved In directions mutually approached di- 
rections. ' 

These left and right cam pin portions 1 63b are in- 
serted into the left and right cam grooved holes 104e 
which are formed on the frame 104 in an inverted U 
shape. Consequently, when the left and right cam pin 
portions 163b are moved in directkms mutually ap- 
proaching directions, a cam arm 163 shown.at a right 
skle of Fig. 7 is pivoted In the couhterdockwise direc- 
tion as the pin portk>n 121d as a center. A cam arm 
163 shown at the right side of Fig. 7 is pivoted in the 
dockwise direction. As descrit>ed above, pin portions 
124c of the LCD holders 124 are inserted into re- 
cessed portk)ns 1 63c of the cam arms 1 63 so that the 
I ft and right LCD holders 1 24 are moved accordingly 
in directions such that they are doser together (so 
thatth conv rgenceangl becomes wider). 

Onth contrary, when th left and right aspheri- 
cal lens 14 are moved in directions mutually separat- 
ing, the left and right cam arms 1 63 are ph^oted in th 



dockwise direction or counterclockwise direction with 
the pin portions 121d as a cent r. respectively, the 
left and right LCDs 12 are moved in directions mutu- 
ally separating from each other. That is to say, they 
5 are adjusted so that the convergence angi becomes 
narrower. 

As described above, with the eye-width adjusted, 
the relative distance between the aspherical lens 14 
is not only adjusted but only the relative distance be- 

10 tween the LCDs 12 is automatically adjusted so that 
the convergence angle can accordingly be adjusted. 

Fig. 9 shows an example of the virtual image pos- 
ition adjusting knob 18 having a mark 18A. In this em- 
bodiment, symbols representing the positk>n of the 

15 vbtual in^ge (symbols such as 1 m, 3 m, and co) are 
located around the virtual image position adjusting 
knob 1 8. The user can adjust the position of the virtual 
image by rotating the adjusting knob 18 so that the 
mark 18A is aligned with a desired symbol. Conse- 

20 quently, the position of the virtual image can be ad- 
Justed. 

That is to say, for example, if the mark 18A of the 
virtual image positbn adjusting knob 18 is aligned 
with the position on which the symbol of 1 m is dis- 

25 played, the position of the LCDs 12 is adjusted so that 
the displayed position of the virtual image indicates 
' 1m.ffthe mark 18Ais made coinddent to the position 
of the symbol 3 m or symbol oo, the positbn of the 
LCDs 12 is adjusted so that the virtual image dis- 

30 played position indk:atesthe position denoted by 3 m 
or by 00. 

V -'^Fig. 10 shows another example of the virtual inv 
age (>o^0on adjusting knob 18. In this embodiment, 
Le., the position of the virtual Image Is not indicated 

35 in such dbrect distances as 1m, 3m, and 00 but indicat- 
ed in the fonri of a magnitude of the Image screen 
such as 50 inches, 40 inches, and 30 Inches. In the 
latter case, the LCDs 12 are nKived to a position at 
which the Image screen of 50 inches can be observed 

40 by the user when, for example, the mark 1 8A of the 
virtual Image posltton adjusting knob 18 is adjusted 
at a posftton of the symbol of 50 Inches. If the mark 
18A Is adjusted to the symbol of 40 inches or 30 in- 
ches, the LCDs 12 are moved to a position equhralent 

45 to a case where the user views the image screen hav- 

Ing the ntagnitude of 40 Inches or 30 inches. 

^It ^also pdsslble for these virtual-image dis-— 
played positions to be displayed on the LCDs 12, as 
shown, for example, in Figs. 11 (a)-(c) and 12 (a)-(c). 

60 In the embodiment shown in Figs. 11 (a)-(c). th sym- 
bols such as Im, 3m, and oo in Fig. 9 are directly dis- 
played on the LCDs 12 as shown in Figs. 11 (a) 
through 11 (c) 80 as to correspond to th rotated pos- 
ftton of the virtual image positton adjusting knob 18. 

65 in iKlditton, in the mbodimentishowninFigs. 12 
(aHc). minoerals 50, 40, 30, and so forth each of 
which represent the magnitude of the image screen 
shown in Fig. 10 are displayed on the LCDs 12. In this 
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embodiment. In order for the user to recognize that 
thes numeralsr Presentthemagnitudeoffhl^lo 
oTh!'l-"-'?''''"'*'*''«"°'™*'"^kat.x,t;e;2s 
Pf the one « simultaneously displayed in a diagonal 
posrtion on the image scr en. If the user rotaSTJ , 
v-rtua, Image position adjusting knob 18 Sons 
such as shown in Figs. 12 (a) through 12 a^^n 

the rotated position of the knob 

essln?.V^'i°"?''^'''''°*"'"''«'''"«"»sforproc- ,0 
t^&t "^-^'-"^^^-^-'^epo^-^of 

In the embodiment of Fig. 13. a CPU of themicm- 
^mputerof thecontral unit determines, atastep^ 

tua^image « indicated. That is to say. the control un^t 
51 sejvestomonitorv^etherlhe virtualimagews 
^ tion adjusting knob 18 has been operatedSen^e 

..vrtualin«geposlHonadjusflngfaSb18fe^ 
JrL~J" CPU of die control int <Msai*ies 

vS^l "<**«"n«armess9giiluch 
: vocal messagesasdescribed above areoS^ 

On the otherhand. If at the step S2 the CPUdeJ 
te|Tnines that the virtual Image p'osltio a^^ 
J^^. *''*^«'*«'*«'^rtuallmageis3 ^ 

ultimately causes the generation ofvocalmes- 
^ges such ^ihe Image scraenbecomeTC^ 
^he displayed position becomes dose," wWA^' 
then output to the ear phone 31 w™« are , 

to J;!? "^^i::'^ "^9^ <^o^«'«rt<nfl the user 

iea J bv'^f '^"'^ " ««en) 
wSeraioL^ ^^^•"P'*. 'n a case 

««L-M 1^"^ t*"" the larae fanaoe 

the user can be more frequently alerted ^e^. 



14 



SO 



8 



bility Of theoccunrenceof a minor discomfort. ' 

After erther step S3 or step S4 where the prede- 
t rmined-message is output, th i«utihe goes to steo 
SSwher t'sdeterminedwhetherfurtherprocesJno 

at a i^riri'"'""' "'^ enibodimentof Fig. 14 
a t a step S11 . the CPU determines whether the dis ' 
Played position of the virtual image is change ff 

tual image is changed, the routine goes to a steo sip 
Wherein a message is issued which notifies t e user 
Of *e possibility that a minor discomfort may S 

That^o^y.atstepS12.thecontrolunit51conS 
HieseMndacousticgeneratingunit64sothatthev<L 
^ message » generated, for example, such as a v^ 

a minor d«comfort to occur. This vocal meiate i^ 

curt 65 and D/A converter 66. .'. 

In addition, the message generating unit 76 is 
y ' »"n>lar message Is genemte' 
the form of characters. These character «« 
Played on the LCDs 12.da the fbSltSe^^^ 

" •"^ noWffcation of the possibility 
.*atam,nord«comfortmayoccurisnotm£^^ 
d^ct message but rather is in the form of eS Z 

is received and recognfeed by the user. 
- The above^lesaibed processing is executed «. 

.therprocesslngaregiven., ; r ^ 

' Flo Iff ?!?*' ** ««^8''. ln .the embodiment of 
n 1? ''^te'H'ines whether the 

displayed posittan Of the virtual image is change^^^^ 

mined time has elapsed upon the start of useof the 
eyeglass display 86. In this manner. It Is^^Tto 
notify the user to the possibility that a minor^^ 

aTJ ^ ^""""^ P^ftod ata conveigence an- 
gle of approximately 30. there is a substwtlaS r^ 

2;aedposslbl,ityoftheoccurrenceofamino;£^ 
In the embodiment of Fig. 15. at a step S21 the 
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comes wid r, th routin go stost pS23inwhicha 
predetermined notification of the possibility that a mi- 
nor discomfort may occur is issued. For example, a 
warning that long term use might cause the occur- 
r nee of a minor disconnfort may be output to either 5 
the earphone 31 or the LCDs 12. 

In addition, if, at step S22, the CPU determines 
whether the change is such a change that the conver- 
gence angle becomes narrower, the routine goes to 
a step S24 in which a different notification from that io 
in the step S23 Is generated. For example, a warning 
such as "please avoid long term use if possible* may 
be output to either the ear phone 31 or LCDs 12. 

In this way, since different notifications are gen- 
erated depending upon whether the convergence an- is 
gle becomes wider (the displayed position of the vir- 
tual image becomes closer, i.e., the magnitude of the 
image screen is made larger) or the case where the 
convergence angle becomes narrower (the displayed 
position of the virtual Inrvage becomes f urth^ away, 20 
i.e.. the magnitude of the Image screen Is madesmall- 
er). it is possible to generate notifications as needed. 

The above-described processing are executed at 
the step S25 until a processing end instruction is is- 
sued. 25 

Fig. 16 shows a further embodiment of the pres- 
ent invention, in this embodiment, at step S31. the 
CPU determines whether the displayed position of 
the virtual image is changed. If the displayed position 
of the virtual image Is changed due to the opeiBtion so 
of the virtual displayed position adjusting Icnob 18, the 
routine goes from step S31 to step S32 in whichthe ^ "^^^ 
CPU determines whether this change makes the con- 
vergence angle wider or narrower than a predeter- 
mined reference angle value. If the convergenoe an- ss 
gle is wider than the predetermined reference value, 
the routine advances a step S33 in which a flag FA is 
set to 1 and a timer built in the control unit 51 is ac- 
tuated. Thereafter, the routine returns from step S35 
to step S31 in which the CPU again determines 40 
whethera change In the displayed position of the vir- 
tual Image occurs. 

if the adjustment operation of the virtual image 
displayed position adjusting knob 18 is end^, the 
routine goes to step S36 since the CPU detennnines, 4S 

atlhe step S31 , that no change in the displayed posr 

ition of the virtual image occurs. At step S36, ttm CPU 
determines whether the flag FA is set to 1. In this 
case, at step S33. the CPU determines that the flag 
FA is set to 1 . Hence, in this case, the routine goes to so 
step S37 in which the CPU determines whether the 
timer started at the step 833 has indicated a prede- 
termined constant time. 

if th timer, at step 837. has determined that it Is 
not yet passed the set time previously set fay the 55 
timer, th routine returns to step 835 at which point 
it is determined wh ther a processing end has been 
instructed, if the end of processing has not yet been 



instruct d, the routin again returns to step S31 and 
the same processing is repeated. 

That is to say, when the virtual image position ad- 
justing knob 18 is adjusted so that the convergence 
angi becomes wider than the predetermined value, 
the series of processing at steps of 831, 836, 837. 
and 835 are executed repeatedly. Then, when the 
predetermined set time has passed, the routine goes 
from step 837 to step 838 in which an automatic 
change message is output. For example, such a mes- 
sage as "the virtual image displayed position Is made 
far way" is output to at least either of the ear phone 
31 and the LCDs 12. 

FurthernK)re, the routine goes to a step 839 in 
which flag FA Is reset and the LCDs 12 are forcefully 
(automatically) moved so that the virtual Image pos- 
ition becomes further from the reference value so 
that the convergence angle becomes narrower than 
the reference value. That is to say, at this time, the 
control unit 51 drives a motor 56 included in the eye- 
glass display 86 to automatically move the LCDs 12 
to a predetermined position. Consequently, in a case 
where the virtual image displayed position is nearer 
to the reference value (in a case where the conver- 
gence angle is wider than the previously set ref rence 
value), the term of use at the displayed position of the 
virtual image is limited within the previously set con- 
stant time, if more time is used than the set time, the 
displayed posrtton of the virtual image is automatical- 
ly moved toward a tar-away position. Hence, th pos- 
sibility of an occunence of a minor discomfort is sub- 
stantially reduced i>r eliminated. 

V The routihe then advances from step 839 to step 
. 835 and returns again to step 831 if no instructton to 
end the processing is issued. Thereafter, the series of 
processing is exeautBd repeatedly. 

In a case where the CPU deterniines that the con- 
vergence angle does not exceed the reference value 
at the step 832, the routine goes from step 832 to 
step 834 in which the user is notified of the possibility 
of the occurrence of a minor discomfort That is tosay. 
a message such as long term use might generate a 
minor discomforT is output Then, at step 835, If the 
end of processing instruction Is not given, the routine 
again returns to step 831 and the same series of 
: propping is excited repeatedly. 

if the virtual image position adjusting knob 18 is - 
not operated, the routine goes from step 831 to step 
836. 8lnce the flag FA is now reset, the routine again 
returns to the step 831 . Thereafter, the series of proc- 
essing steps are eiwcuted repeatedly. 

Rg. 17 shows a still further embodiment In this 
embodiment the sam eeries of processing steps are 
executed as steps of 831 through 837 in Rg. 16. ex- 
cept that the processing at steps 858 and 859 Is dif- 
ferent from the processing at steps 838 and 839 In 
Fig. 16. respectively. 

That Is to say. In tiie embodiment of Fig. 1 6, when 
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th pr viously set time has pass daft rachanoeis 
made such that the convergence angle x2th 
ref rence valu . the predet rmined messan <^^t 
P^^t so that the displayed state is auto^v 
Chang d to reduce the conv rgence angle. H^v^im 

sage as since the predetermined constant time has 
passed, he power supply is turned off Is oCJ 

n the '1 cJa^ge 
<n the displayed state so as to reduce the conver- 
gence angle. In addition, at step S59. the powTr sul 

«he dlspl^is hat 
ed and the flag FAis reset In this way. the pi 
of an occurence of a minor discomfort m^be 
duced or eliminated. ^ ^ 
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Claims 

1. Anlmage display apparatus comprising- 

. j^-_'n«9e displaying means fbr displaying an 

optical.means for optically generating a 

vjtu^miageofthelmagedlsplayedthroughi,; 
image displaying means; 

. the position Of saw Virtual Image as a rnagnL^ 

fo™f„ • '"fetation means for In- 

forming a user in speech form of a change In the 

P^ihonofsaid Virtual image posttlonwSea^ 

^^^^ & 

4. Animagedisplayapparatusaccortlngtodalml 
daim2ordaim3.comp,isin8nctiflcaHon,Jlans* 
^ Jsplaying Infomiation corraspondin^r^Je 
position ofsaid virtual image. a » me 

5. An Imagedisplay apparatus according to any one 

meansforcontrollingapowersupplyaccordinot? 
the position Of said virtual image anTST 
. played time duratiori, - , , 

AnimagedisplayapparatusaccortJingtoanyon 

TU"". contiolling the posl- 

t.on of said virtual image corrBsponcJng toT 



position of said virtual image and its displayed 
time duration. "R>piayea 

7. An imagedisplayapparatusaccording toanyone 

ofda,^3lto6. Wherein said position disSg 
means rs install d adjacent to said ai^^^^^^ 

8. Animagedisplayapparatusaccordingtoanyone 
Of Claims 1 to 6. wherein said position disSng 
means « installed on to said adjusting means 

9. An imagedisplayapparatusaccording toany one 
of tl^e preceding daims. wherein said Son 

d^paymgmeansdisplaystheposi^^ 

tual rmage as a magnitude of an image screen 

corresponding to said virtual image 
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FIG. 5(a) 
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FIG.6 
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FIG.7 
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FIG.11(a) 
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FIG.11(b) 
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FIG.12(a) 
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FIG.13 
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FIG.14 
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FIG.15 
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FIG.16 
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